Objective: A relative hyperadrenergic tone related to abnormalities of the autonomic nervous system is suspected in the mechanisms of sudden death. Therefore, we assessed the role of an elevated basal heart rate in the occurrence of sudden death in a long-term cohort study. Methods: 7746 subjects aged 42-53 years, underwent ECG and physical examination conducted by a physician under standardized conditions, provided blood samples for laboratory tests, and answered questionnaires administered by trained interviewers. The vital status was obtained from specific inquiries up to the time of retirement and then by death certificates. Men with known ischemic heart disease were further excluded from analysis which was conducted on the 7079 remaining subjects. Results: After an average follow-up period of 23 years, there were 2083 deaths, among which were 603 cardiovascular deaths including 118 sudden deaths and 192 following myocardial infarction. The crude risk of sudden death increased linearly with the level of resting heart rate and the risk in men in the highest quintile of heart rate was 3.8 fold than in those in the lowest quintile, whereas rates were approximatively twice higher for fatal myocardial infarction, cardiovascular and total mortality (all P,0.01). When age, body mass index, systolic blood pressure, tobacco consumption, parental history of myocardial infarction and parental history of sudden death, cholesterol level, diabetic status, and sport activity were simultaneously entered into the survival model, resting heart rate remained an independent risk factor for sudden death (P50.03) but not for fatal myocardial infarction. Conclusion: An elevated heart rate at rest was confirmed as an independent risk factor for sudden death in middle-aged men.
Introduction
usually with ischemic heart disease and / or heart failure, or experiments with animals [2] [3] [4] [5] [6] . This question was adSudden death remains a major and still unsolved probdressed in the general population through heart rate lem in industrialized countries. Abnormalities of the measurements. Whereas some studies have found heart rate autonomic nervous system are suspected in the mechato be an independent risk factor for cardiovascular disease nisms of sudden cardiac death, and substantial data are [7] [8] [9] , others have shown the association to be dependent accumulating that implicate abnormalities of both the on confounding risk factors [10] . A particular association sympathetic and parasympathetic systems, which modulate between heart rate and sudden death was described in three heart rate and heart rate variability [1] . Data that support studies [7] [8] [9] . either increased sensitivity to sympathetic input or abnorSince then, a systematic search for potentially specific mal sympathetic function issue from trials with patients, risk factors of sudden death was undertaken from the cohort of asymptomatic middle-aged men enrolled in the Paris Prospective Study 1 and followed up for more than 20 years. Parental history of sudden death was disclosed as disease (myocardial infarction, angina) established at the such a specific factor [11] , and the particular susceptibility beginning of the study from personal medical history, of diabetics to sudden death was emphasized [12] . In the clinical examination and ECG were excluded from analypresent work, the role of elevated heart rate at rest was sis. The present analysis was conducted on the 7079 investigated as a predictor of the occurrence of sudden remaining subjects. death in that population. The characteristics of the subjects are given in Table 1 , not. A further examination was proposed every year for 5 and all reported parameters were significantly different years after inclusion, during which subjects underwent a between the following three groups of subjects: those who physical examination and provided blood samples for died from sudden death, from myocardial infarction, and laboratory tests in the same standardized conditions. all other subjects taken as controls, whether or not alive at Tobacco consumption was the average consumption in the the end of follow-up. In men who died suddenly, a 5 years preceding the screening. The investigation conparticularly elevated rate of parental sudden death and forms with the principles outlined in the Declaration of diabetic status and low rate of sport activity could be Helsinki.
noticed. The prevalence of ECG abnormalities was not significantly different between the three groups: frequent 2.1. Follow-up premature ventricular complexes were present at rest in 1.1% in those who died suddenly vs. 1.5% in those who Until retirement, the administrative department in charge died from myocardial infarction, and 1.2% in controls; left of the population provided a list of deceased subjects complete or incomplete bundle branch block was present annually. All available data relevant to the causes of death in 1.1% vs. 0% and 0.9%; right complete or incomplete were collected from specific inquiries, i.e. medical records bundle branch block in 9.0% vs. 5.2 and 8.7%, and from hospital departments or general practitioners indielectrical left ventricular hypertrophy in 2.1% vs. 1.4 and cated by the relatives of the deceased. The data were then 0.8%, respectively) reviewed by an independent medical committee. After Fig. 1 shows that the crude risk of sudden death retirement, causes of death were obtained from death increased linearly with the level of resting heart rate, and certificates. The eighth revision of the International Classithe relative risk associated with the highest quintile of fication of Diseases [14] was used for coding. Sudden heart rate was 3.8 in comparison with the lowest quintile, death (code 798.1) was defined as a natural death, occurwhereas such a relative risk was approximatively 2 for ring within 1 h of the onset of acute symptoms. Fatal fatal myocardial infarction, cardiovascular and total mormyocardial infarction (code 410-414) was coded only if tality (all P,0.01). the death was found to be strictly related to a myocardial Table 2 gives the standardized univariate risk ratios for, infarction.
respectively, sudden death and fatal myocardial infarction The deadline of the follow-up period was January 1, associated with each parameter reported in Table 1 . Heart 1994. The vital status could not be obtained for 355 rate, systolic and diastolic blood pressure, tobacco consubjects (4.6%). Men with diagnosis of ischemic heart sumption, cholesterol level were risk factors for both sudden death and fatal myocardial infarction. Body mass model (Table 3) , mean resting heart rate remained an index was a risk factor for sudden death but did not reach independent risk factor for sudden death (sRR, 1.28; 95% significance for fatal myocardial infarction (P50.06), CI, 1.06-1.61) but not for fatal myocardial infarction whereas parental sudden death, diabetic status and the (sRR, 1.05; 95% CI, 0.95-1.16). The association between absence of sport activity were risk factors for sudden death sport activity became nonsignificant whereas diabetic but not for fatal myocardial infarction.
status (P50.02) and a parental history of sudden death When age, body mass index, systolic blood pressure (or (P50.007) remained independent risk factors for sudden diastolic blood pressure), tobacco consumption, parental death only. Tobacco consumption, systolic blood pressure history of myocardial infarction and parental history of and cholesterol, were independent risk factors for both sudden death, cholesterol level, diabetic status, and sport sudden death and fatal myocardial infarction. Results were activity were simultaneously entered into the survival similar when diabetic subjects where excluded from the Fig. 1 . Relative risks associated with quintiles of resting heart rate for total and cardiovascular mortality, sudden death and fatal myocardial infarction (quintile 1 taken as reference). analysis. As shown in Fig. 1 , the proportion of subjects as particularly associated with sudden death. Our results who died suddenly differ proportionally with the quintiles are consistent with these obtained from three cohort studies of heart rate.
(from Chicago [7] , from Framingham [8] and from the In order to have a better estimate of resting heart rate in British Regional Heart Study [9] ), which found that heart individuals, we computed the mean value of heart rate rate was independently associated with sudden death, and measured at five consecutive annual examinations in 3754 that its association with other cardiovascular deaths was subjects who completed all of them. The results obtained largely explained by classical cardiovascular risk factors. when the 5-year mean heart rate was used in the Cox Adjustment for diabetes was not made in the Chicago analysis for sudden death prediction were very similar to studies and in the British Regional Heart Study, whereas these of Table 3 . adjustment for physical activity was not made in the Framingham study and in the Chicago studies, and adjustment for body mass index was not made in the Framing-4. Discussion ham study and in the British Regional Heart Study. Parental sudden death history was included in the multiAfter 23 years of follow-up of the cohort of the Paris variate model solely in our study, and it remained inProspective Study 1, an elevated resting heart rate was dependently associated with sudden death, suggesting that confirmed as an independent risk factor for sudden death the association between heart rate and sudden death may but not for fatal myocardial infarction in middle-aged men be only partially explained by parental influence. free of known cardiovascular disease, after adjustment for Cardiovascular mortality may be affected by heart rate a large set of cardiovascular risk factors, including parental in different ways. A high resting heart rate may increase sudden death and diabetes, which were recently described myocardial oxygen demand, and decrease coronary blood flow by decreasing diastolic filling time [15] . It may reflect greater decline. After myocardial infarction, sudden death a poor physical fitness and a poor overall health. The was reduced by 30% in a total of 25 000 patients from 24 association between elevated heart rate and sudden death trials [22, 23] . This reduction might be explained by the may be due also to an underlying cardiomyopathy which effect of b-blockers on ventricular fibrillation, which is the may not be clinically detectable at an early stage but which most common cause of death in the first 24 h following an may play a role of a confounding factor associated both acute myocardial infarction [24] . Treatment with a nonwith an increased heart rate at rest and the occurrence of selective b-blocker (carvedilol) was associated with a sudden death during follow-up. Coronary disease is very decrease in mortality due to heart failure and sudden death common in sudden death patients after 40 years of age, and in congestive heart failure patients, and the benefit was it may certainly represent the main substrate for the greater in patients with a baseline resting heart rate higher occurrence of sudden death [16, 17] . In our study, subjects than 82 bpm [25] . Some calcium antagonists and antiarwho died suddenly had many risk factors for coronary rhythmic drugs have bradycardiac effects, but they have disease at inclusion in the study (higher body mass index, restricted indications. In subjects with heart failure followsystolic blood pressure, tobacco consumption and cholesing myocardial infarction, the effect of angiotensin-conterol level). Other cardiomyopathies such as hypertrophic verting-enzyme inhibitors in heart rate reduction and [18] , dilated [3] , or arrhythmogenic right ventricular [19] sudden death is discussed [26] . cardiomyopathies may be associated with an increased rate Due to adverse effects, the indication for drugs that slow of sudden death, but due to their low prevalence in the heart rate must be limited to patients with an identified population, they could only contribute in a small way to cardiomyopathy, and since up to 50% of sudden deaths in our results.
men occur in persons without knowledge of cardiovascular A high basal heart rate may also reflect abnormalities of disease, drugs have a low potential for prevention of the autonomic nervous system, and an increased sympasudden death in the population. thetic input in subjects with elevated heart rate at rest but Finally, subjects with diabetes or glucose intolerance are without any underlying cardiomyopathy at inclusion in the prone to earlier development of coronary and extra corstudy is highly likely. During follow-up, some of these onary macrovascular and microvascular diseases, leading subjects will develop coronary disease. We may suspect to autonomic neuropathy. This could contribute to the that a basal hyperadrenergic tone would lead to sudden higher risk of sudden death observed in diabetics, although death in ischemic conditions, whereas other subjects with a high resting heart rate and diabetic status remained the same ischemic conditions but without hyperadrenergic independently associated with sudden death in our study. tone would suffer a myocardial infarction with less probability of ventricular arrhythmias.
Generally, adrenergic stimulation in vivo shortens ven-4.1. Study limitations tricular refractoriness, it increases excitability and the propensity of the ventricle to develop arrhythmias. It may
The common working definition of sudden death is a also produce afterdepolarizations and triggered activity.
natural death, occurring within 1 h of the onset of acute Vagal stimulation modulates these sympathetic effects; it symptoms. The impact of the definition of sudden death on prolongs refractoriness, reduces the effect of adrenergic the study results has been already largely discussed in the stimulation on cardiac excitability, and increases electrical Paris Prospective Study I [11] and the same limitations stability [1] .
apply. Although many sudden deaths are instantaneous or Some nonpharmacologic interventions may modify the unwitnessed, the elapsed time can be at least roughly autonomic nervous system activity. Repeated physical estimated [27] . It is likely that we had some inaccurate exercise leads to physiologic changes (including a decrease coding for sudden death from death certificates, mainly in heart rate) that are currently referred to exercise because of imprecise knowledge of the elapsed time. conditioning, provided that the activity is of sufficient Sensibility and positive predictive value of death certifiintensity, frequency, and duration. Parasympathetic activity cates compared with autopsies range from 70 to 90%, and is increased and sympathetic activity is decreased after generally underestimate the number of deaths from isexercise conditioning [20] . Exercise conditioning may chemic cardiomyopathy [28] [29] [30] [31] . However, inaccurate therefore be advised, especially in subjects at high risk of coding and misclassification cases are likely to be consudden death.
servative and to decrease the power of our results. A basal heart rate decrease may also be obtained with
The fact that heart rate is highly variable and depending drugs. The pharmacological reduction in heart rate and its on the subject's conditions should be emphasized. No consequences on sudden cardiac death following myocarthreshold of elevated heart rate can be determined as dial infarction has been extensively reviewed by Haverabnormal for a given subject, and this restricts at present kampf and Breithardt [21] . Beta-blockers slow heart rate the use of elevated heart rate as a practical mean to assess by inhibiting cardiac adrenergic stimulation, and patients the risk of sudden death in clinical practice. Further studies with higher initial heart rate before therapy tend to have a are needed (for example by combining basal heart rate
